Context. Kink oscillations of coronal loops in an off-limb active region are detected with the Imaging Assembly Array (AIA) instruments of the Solar Dynamics Observatory (SDO) at 171 Å. Aims. We aim to measure periods and amplitudes of kink oscillations of different loops and to determinate the evolution of the oscillation phase along the oscillating loop. Methods. Oscillating coronal loops were visually identified in the field of view of SDO/AIA and STEREO/EUVI-A: the loop length was derived by three-dimensional analysis. Several slits were taken along the loops to assemble time-distance maps. We identified oscillatory patterns and retrieved periods and amplitudes of the oscillations. We applied the cross-correlation technique to estimate the phase shift between oscillations at different segments of oscillating loops. Results. We found that all analysed loops show low-amplitude undamped transverse oscillations. Oscillation periods of loops in the same active region range from 2.5 to 11 min, and are different for different loops. The displacement amplitude is lower than 1 Mm. The oscillation phase is constant along each analysed loop. The spatial structure of the phase of the oscillations corresponds to the fundamental standing kink mode. We conclude that the observed behaviour is consistent with the empirical model in terms of a damped harmonic resonator affected by a non-resonant continuously operating external force.
Introduction
Kink oscillations of solar coronal plasma structures are one of the most debated examples of the magnetohydrodynamic (MHD) wave activity of the solar corona (see, e.g. De Moortel & Nakariakov 2012, for a recent review). Kink oscillations are transverse displacements of field-aligned plasma nonuniformities, typically observed in the EUV band with imaging telescopes. Kink oscillations have a broad range of periods, from several seconds (e.g. Williams et al. 2001 ) to several hours (e.g. Hershaw et al. 2011 ). This mode of MHD oscillations is usually detected in warm (i.e. 1 MK) and hot (i.e. 10 MK) coronal loops, (e.g. Aschwanden et al. 1999; Nakariakov et al. 1999; White et al. 2012, respectively) . It is also found in prominence fibrils (e.g. Arregui et al. 2012) , in hot jets (e.g. Cirtain et al. 2007; Vasheghani Farahani et al. 2009 ), and in post-flare supra-arcade non-uniformities (Verwichte et al. 2005) . Kink oscillations are detected in both standing (e.g. Nakariakov et al. 1999; and propagating (e.g. Williams et al. 2001; Tomczyk et al. 2007; McIntosh et al. 2011) forms. Standing oscillations are mainly horizontally polarised, but several examples of the vertically polarised mode have been found as well (Wang & Solanki 2004; . Most often, one sees the fundamental mode (in the longitudinal direction), with the maximum displacement at the loop top and oscillations at the footpoints. However, higher spatial harmonics have also been detected (e.g. Verwichte et al. 2004; De Moortel & Brady 2007) .
A movie is available in electronic form at http://www.aanda.org Theoretical modelling of kink oscillations is commonly based upon a straight magnetic cylinder model (Edwin & Roberts 1983; Zaitsev & Stepanov 2008) . Linear fast magnetoacoustic perturbations of the cylinder with the azimuthal wave number m = 1, confined to its boundary in the external medium, are described by the Bessel function inside the cylinder and the Macdonald function outside it. A transcendental dispersion relation that links the frequency and the longitudinal wave number of the kink perturbation to the parameters of the plasma inside and outside the cylinder shows that this mode exists for all wave numbers. The mode is dispersive. In the longwavelength limit the phase speed of the kink mode is a so-called kink speed, C K , that is the density-weighed average Alfvén speed inside and outside the oscillating plasma non-uniformity. More specifically,
Ae )/(ρ 0 + ρ e ), where ρ 0 and ρ e are the density, and C A0 and C Ae are the Alfvén speeds, inside and outside the cylinder, respectively. In the long-wavelength limit, the kink mode is weakly compressive and weakly dispersive, and hence is sometimes referred to as "Alfvénic" to highlight its "magnetic" nature. In some recent papers these modes were also called "Alfvén", which is inconsistent with the commonly accepted interpretation of this phenomenon (see the discussion in Edwin & Roberts 1983; Van Doorsselaere et al. 2008a,b; Goossens et al. 2012) . The importance of the correct interpretation, especially for the estimation of the wave energetics, was recently pointed out by Goossens et al. (2013) .
The main interest in kink oscillations is connected with seismological diagnostics of coronal plasmas. Nakariakov & Ofman (2001) developed a technique for estimating the Alfvén speed Article published by EDP Sciences A107, page 1 of 6 and the absolute value of the magnetic field in an oscillating loop. Andries et al. (2005) showed that the period ratio of different spatial harmonics allows for estimating the density scale height. Van Doorsselaere et al. (2008a) demonstrated the fine structuring of diffuse coronal loops. Ruderman et al. (2008) designed a technique for the estimating the loop expansion factor. Also, Verwichte et al. (2006) demonstrated that properties of kink oscillations can be used for estimating the steepness of radial density structuring. An intriguing feature of standing kink oscillations is their rapid decay. Kink oscillations excited by a flare or an eruption nearby are usually observed to damp in about 3-4 oscillation periods. This behaviour remains stable for periods ranging from a few minutes to several hours (see, e.g., Fig. 12 in ). The physical mechanism responsible for the rapid damping has been the subject of a number of theoretical studies, and now it is generally accepted that it is resonant absorption: linear coupling of the kink mode to unresolved torsional motions at a very thin resonant layer (e.g. Ruderman & Roberts 2002; Goossens et al. 2002 Goossens et al. , 2011 .
Very recently, it was found that there are two kinds of standing kink oscillations of loops: in addition to the high-amplitude rapidly decaying oscillations known since Aschwanden et al. (1999) and Nakariakov et al. (1999) , there are decay-less lowamplitude oscillations (Nisticò et al. 2013) . These different regimes were found in the same loop. Moreover, no significant change in the oscillation periods was detected during the transition from one regime to the other. This behaviour indicates that both regimes could be responses of the same loop to two different non-resonant drivers, one operating continuously, and the other one being localised in time. Moreover, an example of a gradually growing kink oscillation was found in Wang et al. (2012) , and spectroscopic signatures of persistent Doppler shifts, arguably associated with kink waves, were also discussed in Tian et al. (2012) . Thus, there is a need for a systematic study of this new regime, which is the aim of this paper.
Observations
We analysed transverse oscillations of loops that belong to the active region (AR) NOAA 11654 at the time when it was on the western solar limb. The AR appears to be filled with many overlaying loops. We collected EUV images on 22 January 2013, between 00:00-06:00 UT, with the SDO/AIA instrument (Lemen et al. 2012 ) at 171 Å. The data were retrieved from the JSOC data centre 1 . We downloaded subframes extracted from the full-size images with a field-of-view (FOV) of 600 × 600 arcsec, spatial resolution of 0.6 , and a time cadence of 12 s. A snapshot of the off-limb AR is shown in Fig. 1 (left) . This AR is also clearly seen from the Solar TErrestrial RElations Observatory (STEREO) Ahead spacecraft. The corresponding image obtained with the Extreme Ultra Violet Imager (EUVI) telescope (Howard et al. 2008 ) on-board STEREO at 195 Å is presented in Fig. 1 (right). Many bright spots and long loops with the associated footpoints can be easily seen. The red line in Fig. 1 (right) marks the position of the limb as seen from the SDO point of view: the left loop footpoints are not visible from SDO, but they are close to the limb. During the six hours of observations, the AR does not show any impulsive activity such as flares or coronal mass ejections (CMEs): we consulted the RHESSI catalogue and no flare was registered from this AR during this time. Flares that occurred in other ARs during this observation period were below the class C.
1 http://jsoc.stanford.edu/ajax/lookdata.html
In this work, we focus on the 171 Å data set. We identified several oscillating loops and took a number of slits across and along them to study and analyse kink oscillations observed in the spatial structure of the EUV emission intensity.
Analysis and results

Slit analysis
We inspected the image sequences related to the region of interest, and chose some loops that clearly exhibited oscillations. The highest cadence possible in STEREO/EUVI was 5 min and it was provided only at 195 Å. In conjunction with STEREO/EUVI-195 Å, we used SDO/AIA 193 Å, since the temperature responses of these two bands are rather similar. Running difference images were used to highlight EUV emission intensity variations in time and highlight the loop shape (see Fig. 2 and online movie).
To assess the loop's 3D shape and estimate its length, we made a 3D reconstruction of the loop with the procedure scc_measure.pro from the SolarSoft (SSW) package. The technique for obtaining the loop length and the 3D loop shape is not described here but will be subject of a future paper. Here we restrict ourselves to giving some estimates of the parameters only. For simplicity, we projected the 3D points by highlighting the loops to the FOV of both the instruments (see Fig. 1 ). Then we fitted the points, projected to the SDO/AIA-171 FOV, by an elliptical curve using the mpfitellipse.pro procedure. In this way, we defined the loop shape as seen from the observer and stacked several equidistant slits perpendicular to the loop path to depict oscillations at different positions. We made this for four different loops (or, rather, bundles of loops), whose locations are over-plotted in Fig. 1 (left) with different symbols and colours.
We selected 100 slits perpendicular to the fitted loop path. Each slit was three AIA pixels wide and 76 pixels long, which corresponds to almost 32 Mm. To increase the signal-to-noise ratio we calculated an average intensity value over the slit width. This procedure is justified because the apparent projected wavelengths of the studied oscillations was comparable with the whole length of the oscillating loops. Typical time-distance maps are presented in Fig. 3 . Characteristic wave-like patterns are clearly seen in the maps. The oscillations seem to last in time, without any remarkable decay: some oscillations show only three/four periods lasting about 20 min, while others are extended in time for more than one hour (e.g., see the right-bottom panel of Fig. 3) . We need to point out that in some cases different oscillatory patterns are simultaneously seen in the dynamics of different plasma threads forming a specific loop that can be considered as a bundle of the threads (see, e.g. the bottom panels of Fig. 3 ).
Amplitudes and periods of the transverse oscillations were estimated from the most pronounced oscillatory patterns visually identified in Fig. 3 . In the time-distance plots there are many overlaying loops. In most cases it was impossible to fit the transverse shape of the loop with a Gaussian profile. Because of that, we used loop edges to track the oscillations. We also calculated partial derivatives in the direction perpendicular to the loop (the direction of the highest spatial gradient) to determine the instant position of the loop boundaries. The displacements of the loop boundaries (and hence of the loop itself, assuming that its minor radius does not change) were determined for each instant of time by fitting the spatial derivatives of the transverse profile of the EUV intensity across the loop by a Gaussian function. This was made with the GAUSSFIT routine from the IDL library.
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The positions of the loop edges determined by this method are marked with red dots in Fig. 3 . The loop edge positions were then fitted with a sine function to obtain its periods and amplitudes with the CURVEFIT function. The fitted oscillations are shown with white lines in Fig. 3 . The measured oscillation parameters are presented in Table 1 . The displacement amplitudes of the oscillations are found to be below 1 Mm in all cases. The periods range between 260-620 s (4−11 min). If one considers the displacement to follow the simple harmonic pattern, ∼ξ sin(2πt/P), where ξ is the displacement amplitude and P is the period, then the time derivative of this dependence gives the velocity amplitude of the oscillation, 2πξ/P. For the observed periods and displacements, the velocity amplitude ranges from 0.7 to 4. 
Cross-correlation analysis
The determination of the oscillation phase at different segments of the loops allows us to assess whether the oscillations are standing or propagating, and to distinguish between the fundamental (also called global) mode (with the highest perturbation at the loop apex) and the second longitudinal harmonic (with a node at the loop apex and two anti-phase maxima in the loop legs). This requires measuring the phase delay between the signals measured in different slits taken along the loop. To perform this we employed the cross-correlation analysis. From each slit (see Sect. 3.1) we extracted the intensity profile measured at a spatial location near the edge of the loop, as shown in Fig. 4 . The periodic loop movement causes brightness variation at these locations when the loop crosses the line-of-sight. We used this brightness variation to estimate the oscillation periods and phases in different parts of the loop. The intensity profile from the slit with the highest observed amplitude of the oscillation was used as the reference in computing the cross-correlation function. We performed the cross-correlation analysis for each loop highlighted in Fig. 1 . The typical cross-correlation functions obtained are shown in Fig. 4 . One can see that for all these loops the position of the cross-correlation function maximum does not depend on the distance along the loop and corresponds to the zero lag relative to the reference position. There are some irregular perturbations in the cross-correlation maximum positions. However, their irregularity suggests that they are likely to be caused by the noise. If these phase shifts were caused by a propagating wave, the phase shifts would increase or decrease monotonically with the distance from the loop footpoints. Thus, the observed oscillations are most likely standing, and the observed spatial distribution of the oscillation phase corresponds to the fundamental kink mode.
Discussion and conclusion
We analysed dynamics of coronal loops in a non-flaring active region observed with SDO/AIA in 171 Å. It was found that the loops experience low-amplitude undamped periodic displacements. We chose several specific loops from the dataset and analysed their transverse oscillations with time-distance maps corresponding to spatial slits chosen at different positions across the loops. The slits covered the whole length of the analysed loops, from almost the footpoints to the loop top. The lengths of the analysed loops were determined by comparing two different views taken from SDO and STEREO-A by at 193 and 195 Å images. We summarise our conclusions as follows:
1. Clear oscillatory patterns that correspond to the periodic displacements of the analysed coronal loops in the plane-of-sky are observed. These oscillations last from three or four periods to more than ten periods without any visible decay or amplification. The beginning and end times of the oscillations observed in different loops are different. Typically, the oscillations become visible and then invisible when there is some major topological change in the observed topology, for instance two loops gradually merge or split in the lineof-sight. The detected oscillation amplitude does not exceed 1 Mm, while it should be corrected for the projection effect. 2. Different loops are observed to oscillate with different periods, ranging from 2 min to 11 min. Longer loops seem to oscillate with longer periods, while this conclusion cannot be taken as statistically significant because of the small number of the analysed loops and requires a dedicated study. Moreover, in different time intervals the same loop can have different oscillation periods. 3. Different segments of the analysed loops are seen to displace harmonically and in phase. The highest amplitudes are observed at the tops of the loops. This spatial structure of the oscillations corresponds to the standing fundamental mode.
The observed behaviour is consistent with the empirical model of undamped oscillations of coronal loops, proposed in Nisticò et al. (2013) . In that model, the kink oscillations with an almost constant low amplitude are associated with natural kink oscillations of the loops, in the presence of effective damping and continuous non-resonant driving of the oscillations. The loop displacement is hence governed by a damped, driven harmonic oscillator. The period of the natural oscillation can be estimated as 2L/C K , where L is the loop length and C K is the kink speed determined by the Alfvén speeds inside and outside the loop. The observed fact that different loops oscillate with different periods are consistent with this interpretation. The observed variation of the oscillation period of the same loop in different time intervals can be attributed to the slowly varying evolution of the loop, for example an increase or decrease in the plasma density that affects the Alfvén speed. Also, longer loops not necessarily have longer periods of kink oscillations, because the top of a longer loop can be situated higher in the corona (accounting for the effect of the loop plane inclination with respect to the surface of the Sun) where the density is lower and hence the kink speed higher. The non-resonant continuously operating driver can be attributed, for example, to the granulation or super-granulation motions that excite the kink oscillations at the loop footpoints. Theoretical analysis of the excitation of natural oscillations by the random motion of footpoints shows its efficiency (e.g. De Groof & Goossens 2000) . A similar behaviour can occur in the case of the periodic shedding of Alfvén vortices (e.g. Nakariakov et al. 2009 ). The observed life-time of the oscillations is likely to be determined by the observational conditions instead of any physical damping. However, the balance between the driving and damping is a necessary ingredient of this model (see Nisticò et al. 2013 , for discussion). The oscillations can be damped by resonance absorption, for instance. Despite the qualitative agreement between the observed results and the empirical model, our results show the need for a thorough study of this model both theoretically and observationally.
